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We analyze the effects of chemical pressure induced by alkali metal substitution and uniaxial strain
on magnetism in the A2Cr3As3 (A = Na, K, Rb, Cs) family of ternary arsenides with quasi-one
dimensional structure. Within the framework of the density functional theory, we predict that the
non-magnetic phase is very close to a 3D collinear ferrimagnetic state, which realizes in the regime
of moderate correlations, such tendency being common to all the members of the family with very
small variations due to the different interchain ferromagnetic coupling. We uncover that the stability
of such interchain ferromagnetic coupling has a non-monotonic behavior with increasing the cation
size, being critically related to the degree of structural distortions which is parametrized by the
Cr-As-Cr bonding angles along the chain direction. In particular, we demonstrate that it is boosted
in the case of the Rb, in agreement with recent experiments. We also show that uniaxial strain
is a viable tool to tune the non-magnetic phase towards an interchain ferromagnetic instability.
The modification of the shape of the Cr triangles within the unit cell favors the formation of a net
magnetization within the chain and of a ferromagnetic coupling among the chains. This study can
provide relevant insights about the interplay between superconductivity and magnetism in this class
of materials.
PACS numbers: 71.15.-m, 71.15.Mb, 75.50.Cc, 74.40.Kb, 74.62.Fj, 62.20.-x
INTRODUCTION
A great attention has been devoted in the last years
to the competing quantum orders which develop in tran-
sition metal pnictides. In this context, one of the most
relevant examples is represented by the recently discov-
ered Cr-based arsenide family A2Cr3As3 (A = Na, K, Rb,
and Cs) [1–4]. This series has been shown to represent
an ideal platform for the study of the interplay between
magnetism and structural instabilities [5–7], as well as of
other relevant features such as noncentrosymmetry and
quasi-one-dimensional properties [8, 9].
The crystal structure of the above-mentioned com-
pounds, reported in Fig. 1, features Cr3As3 chains form-
ing double-wall sub-nanotubes (DWSN), where the inner-
wall tubes are constructed by Cr triangles and the outer-
wall tubes by As triangles, separated by columns of A+
ions [1–4]. Band structure calculations indicate that the
states governing the electronic physics at the Fermi en-
ergy EF are mainly Cr 3d orbitals [10–12].
Interestingly, in these compounds a superconducting
phase [13–15] also emerges at ambient pressure, which is
so far unique for systems containing chromium [7, 16–24].
Notably, superconductivity occurs with a background
of ferromagnetic (FM) spin fluctuations [25], which is
quite rare and make a major difference with respect to
cuprates, iron-based and heavy-fermion systems where
unconventional superconductivity occurs close to an an-
tiferromagnetic (AFM) instability [26].
Recent NMR measurements reveal the evidence of
strong spin fluctuations. In the Rb-based compound,
strong enhancement of the spin susceptibility suggests
that 3D FM fluctuations are present near Tc [27]. Analo-
gous experiments in K2Cr3As3 show that Cr spin fluctu-
ations may have a dominant antiferromagnetic character
[13], while in Na2Cr3As3 and Cs2Cr3As3 they are sup-
pressed [28]. Therefore, a systematic comparison of how
alkali substitution modifies the FM fluctuations among
the members of the family is needed in order to shed
light on the magnetic ground states of these compounds,
and possibly on the superconducting pairing mechanism.
The latter still remains elusive, with conflicting hypothe-
ses that have been suggested, ranging from spin fluctua-
tions to conventional phonons [5, 13–15, 29].
In this paper we report a systematic first-principle
study of magnetism in the A2Cr3As3 family and show
that the tendency towards an interchain FM instabil-
ity may be tuned via chemical substitution or uniaxial
strain. Isovalent doping can induce chemical pressure ef-
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2FIG. 1. (a) Cr-triangles belonging to the [(Cr3As3)
2−]∞ sub-nanotubes of the A2Cr3As3 compounds. The deviation from the
ideal hexagonal structure is parametrized by the angles α1 and α2. Blue and green circles denote Cr and As atoms, respectively.
(b-c) Cr-As-Cr bonding angles along different chain direction (see the reported axes).
fects without introducing carriers. At the same time it
alters the interchain hopping, also affecting the coupling
between the chains. Moreover, it may cause slight mod-
ifications of the crystal structure along the chain, thus
altering the intrachain spin correlations. On the other
hand, uniaxial strain, e.g. the modification of the lattice
constant along a specific direction, is effective especially
in 1D compounds, since it allows to continually modify
the distances parallel or orthogonal to the chain direc-
tion, and thus can provide a pathway to explore the re-
lated phase diagram.
Recently it has been demonstrated that local deforma-
tions [6] from the ideal hexagonal structure have strong
impact on the magnetic properties in those compounds
[30]. In particular, in K2Cr3As3 orthorhombic distor-
tions make the Cr triangles in the DWSN no longer equi-
lateral, which is detrimental to magnetic frustration and
thus promotes a new collinear ferrimagnetic ground state
with a net magnetization emerging along the chain [30].
Moreover, the non-magnetic state is predicted to be in
close proximity to a weak 3D ferrimagnetic phase.
Here we perform an analogous systematic study on the
members of the A2Cr3As3 family (A=Na, K, Rb, Cs),
showing that all the compounds are in the proximity of
a collinear ferrimagnetic configuration within the chain,
regardless of the A species. Our results also demonstrate
that interchain ferromagnetic exchange is promoted in
the regime of moderate on-site electronic correlation, and
3that the stability of such ferromagnetic coupling has a
non-monotonic behavior with the size of the cation. We
single out the structural parameters that govern the for-
mation of the ferromagnetic coupling, focusing in partic-
ular on the Cr-As-Cr bond angles originating from the
alternate distribution of alkali metal ions along the chain
direction. Furthermore, we show that uniaxial strain af-
fects the interchain FM instability by lowering the criti-
cal value of the local Coulomb repulsion above which the
magnetic moments are stabilized.
The paper is organized as follows. In Sec. II we present
the computational details of our approach, Sec. III is
devoted to a systematic study of the magnetic configu-
rations within the chain for all the compounds. In Sec.
IV we analyze the effects of the interchain magnetic cou-
pling on the stability of the FM configurations, together
with the corresponding structural fingerprints. In Sec. V
we consider the case of a compressive/tensile strain field
applied along an in-plane direction. Finally, Sec. VI is
devoted to the conclusions.
COMPUTATIONAL DETAILS
We have performed density function theory (DFT) cal-
culations by using the VASP package [31–33] based on the
plane wave basis set and the Projector Augmented Wave
[34] method with a cutoff of 440 eV for the plane wave
basis. We have used the PBEsol exchange-correlation
method [35], that provides an excellent functional for the
atomic relaxation in solids. We need a good accuracy
for the structural properties, given the strong coupling
between electronic and structural degrees of freedom in
this class of materials. A 4×4×10 k-point grid, which
corresponds to 160 k-points in the first Brillouin zone,
has been employed for the calculations concerning the
chains. In order to describe the electronic correlations
associated with the Cr 3d states, a Coulomb repulsion
U has been added to our functional [36]. We have used
values of U ranging from 0 to 3 eV. The relevant region
is until 1.5 eV, that is, for larger values of U we are in the
saturation region. We have performed structural relax-
ation minimizing the internal atomic positions and forces
to less than 0.01 eV/A˚.
The lattice vectors of the unit cell are R1=(a,0,0),
R2=(-a/2,
√
3a/2,0), and R3=(0,0,c). To calculate the
interchain coupling we have doubled the unit cell along
the R1 direction, and we have used a supercell with two
formula units and a 2×4×10 k-point grid.
CHAIN GROUND STATE IN THE A2Cr3As3
FAMILY
The A2Cr3As3 family is characterized by a markedly
1D structure, with Cr3As3 linear chains separated by A
+
A2Cr3As3 A=Na [1] A=K [2] A=Rb [3] A=Cs [4]
a(A˚) 9.2390 9.9832 10.2810 10.6050
c(A˚) 4.2090 4.2304 4.2421 4.2478
TABLE I. Lattice constants of the compounds of the family
A2Cr3As3. The space group is the P6¯m2 (No. 187).
ions sitting on different crystallographic sites [1–4]. In
Fig. 1 we report the notation used for the inequivalent
Cr and As atoms, together with the angles among the Cr
atoms within the R1-R2 plane and the Cr-As-Cr bond-
ing angles along the chain. Increasing the atomic radius
from Na+ to K+ , Rb+ and Cs+ induces chemical pres-
sure effects which lead to the expansion of the interchain
distance by keeping the linear chain structure almost un-
changed, as one can see from the data reported in Table
I.
We note that the superconducting critical tempera-
ture Tc progressively increases in the series A2Cr3As3
as the atomic number of the alkaline ion decreases. Ac-
tually, Tc is found to be ∼ 2.2 K in Cs2Cr3As3 [4], 4.8
K in Rb2Cr3As3 [3], 6.1 K in K2Cr3As3 [2], and 8.6 K
in Na2Cr3As3 [1]. This finding thus clearly indicates a
systematic trend of the chemical pressure effect on the su-
perconducting mechanism [1–4]. Of course, reducing the
A-cation size, the unit-cell volume decreases too. How-
ever, it has been shown that the application of hydro-
static pressure on K2Cr3As3, which differently from the
chemical pressure reduces the volume isotropically, leads
to a reduction of Tc [8, 37, 38]. This means that the two
kinds of pressure have opposite effects on the supercon-
ducting transition.
From the structural point of view the chemical pressure
may affect other relevant structural parameters, which
are expected to play a role in the most favorable mag-
netic stable phases. We know from previous ab-initio
studies on K2Cr3As3 [6, 30] that localized orthorhom-
bic distortions of the CrAs sublattice together with as-
sociated K displacements cause the Cr-triangles in the
DWSN to be no longer equilateral. These deformations,
described in terms of the angles α1 and α2 reported in
Fig. 1 weaken magnetic frustration, favoring a collinear
stripe phase within the chains [30].
However, other parameters are worth paying attention
to. The alternate distribution of the alkali metal ions
along the chain direction gives rise to different bond an-
gles of Cr-As-Cr, as shown in Fig. 1b. Due to the dis-
torted Cr triangles, we can distinguish four independent
angles, Cr3-As3-Cr3, Cr6-As6-Cr6, Cr2-As2-Cr2 and Cr5-
As5-Cr5 . In the following, we study the magnetic phases
and the way they get correlated to structural deforma-
tions parametrized by the in-plane angles between the Cr
atoms in the isosceles triangles and the different Cr-As-Cr
bonding angles. The analysis is performed as a function
4of the Coulomb repulsion U , for different choices of the
chemical substitution.
Chain ground state of Cs2Cr3As3
We apply the procedure already presented in Ref.
[30] for the K2Cr3As3 to the representative case of the
Cs2Cr3As3, and perform the atomic relaxation at dif-
ferent values of the Coulomb repulsion U for the dis-
torted triangles composed of Cr-atoms and belonging to
the DWSN. We consider four possible collinear magnetic
states, which for moderate values of U turn out to be
the magnetic stable states. They are reported in Ref.
[30] and are classified as the ferromagnetic state (FM),
the interlayer antiferromagnetic state (AFM), the up-up-
down/up-up-down stripe state (↑↑↓-↑↑↓) and the up-up-
down/down-down-up zig-zag state (↑↑↓-↓↓↑). Together
with these states, we also consider the non-magnetic
(NM) one.
In Fig. 2 the energy difference between the NM, FM,
AFM, and the zig-zag state with respect to the stripe
state (↑↑↓-↑↑↓) displays the existence of two regimes:
for values of the Coulomb repulsion U < Uc = 0.4 eV,
the ground state is non-magnetic, then becoming the
stripe one for U ≥ Uc. We also note that the energy of
the ferromagnetic configuration is always larger than the
other collinear considered phases.
In Figs. 3 and 4 we report the behavior of the rep-
resentative angle α1 shown in Fig. 1 and the magnetic
moment m1 at the Cr1 site as functions of U . The other
angles and magnetic moments have a very similar trend
and thus are not reported here. We can see from Fig. 3
that α1 is always away from the ideal 60
◦ value, even
in the NM phase, the only exception being represented
by the FM state. The reported values of α1 are charac-
terized by a non-monotonic behavior as U is varied and
correspond to severely distorted triangles. In particular
we note that in the stripe phase α1 shows a sudden jump
to ∼ 70◦ at U ' Uc, and becomes practically constant
above U = 1.5 eV, differently from what happens in the
other magnetic configurations.
The behavior of the magnetic moment at the Cr1 site
shown in Fig. 4 confirms the strong interplay between
structural and spin-orbital degrees of freedom in this
class of compounds. As for the case of the angle α1, a
different behavior is found in the two regimes correspond-
ing to values of U approximately lower and higher than
1.5 eV, respectively. At low values of U the magnetic
moment tends to vanish in the zig-zag as well as in the
stripe phase, thus providing evidence of a non-magnetic
ground state configuration.
FIG. 2. Energies per Cr-atom of the FM, AFM, zig-zag and
NM states measured with respect to the stripe state energy,
plotted as functions of the Coulomb repulsion for the com-
pound Cs2Cr3As3.
FIG. 3. Angle α1 as a function of the Coulomb repulsion for
the compound Cs2Cr3As3.
FIG. 4. Magnetic moment of the Cr1 ion as a function of the
Coulomb repulsion for the compound Cs2Cr3As3.
5Chain ground state for different cations
In this subsection we report a systematic comparison
of the magnetic stable phases, the α angles and the mag-
netic moments for all the compounds of the family, as
obtained via first-principles analysis in the same range of
U and by following the same procedure.
We first point out that all the compounds show a simi-
lar behavior, i.e. the existence of a critical Uc separating
the NM state (U < Uc) from the stripe one (U > Uc).
We choose to focus on the most relevant comparative out-
come and postpone to Appendix I the detailed results.
Fig. 5 shows that chemical pressure slightly affects the
U -dependence of the energy difference between the zig-
zag and the ground stripe phase, which only shows a little
reduction as the atomic radius increases. In Figs. 6 and
7 we report the comparison of the angles and the mag-
netic moments in the ground state for the different atomic
species. We see that the Cr triangles are quite distorted
in the ground phase, especially at low and intermediate
values of U , this being a common trend for all the com-
pounds. The distortion is slightly less pronounced only
in the case of Na for U > 1.5 eV. The magnetic moment
tends to grow with the ion size, saturating for larger val-
ues of U to a value that is very close to the maximum
predicted value for Cr ions in the K2Cr3As3 compound,
that is 103 ≈ 3.33 µB . This is so because the oxidation of
chromium is +2/3 in K2Cr3As3.
We point out that such collinear ferrimagnetic phase
may be qualitatively interpreted [30] within a minimal
effective Heisenberg model which assumes the Cr spins
lying in the R1-R2 plane coupled via dominant indepen-
dent AFM exchange between nearest neighbor Cr atoms
and smaller AFM coupling between next nearest neigh-
bor Cr atoms along the R3-axis. Specifically, the onset
of the stripe phase is governed by the ratio among the
in-plane exchange parameters along the R1 and R2 axes,
which in turn is critically linked to the degree of defor-
mation of the triangles, growing with the α angles.
STRENGTH OF THE MAGNETISM AND
INTERCHAIN FM INSTABILITY IN THE
A2Cr3As3 FAMILY
To understand the effect of the chemical pressure due
to alkali atom substitution on the most favorable mag-
netic configuration in these Q1D systems, it is important
to consider the coupling between the chains, which can
provide useful insights for the interpretation of the exper-
imental data [13, 27, 28]. In the previous section, we have
shown that all the compounds have collinear magnetism
above a characteristic value of Uc, where the ground state
changes from a non-magnetic to a collinear stripe config-
uration within the DWSN, allowing to attribute a net
magnetic moment to each chain. Single interchain mag-
FIG. 5. Difference between the energies per Cr-atom of the
zig-zag and of the stripe state as a function of the Coulomb in-
teraction for the compounds of the family A2Cr3As3 (A=Na,
K, Rb, Cs).
FIG. 6. Angle α1 in the ground state as a function of the
Coulomb repulsion for the compounds of the family A2Cr3As3
(A=Na, K, Rb, Cs).
FIG. 7. Magnetic moment m1 in the ground state as a func-
tion of the Coulomb repulsion for the compounds of the family
A2Cr3As3 (A=Na, K, Rb, Cs).
6netic interactions then couple spins of neighboring chains.
Without interchain magnetic coupling, the system can
only show magnetic order in 1D, this being difficult to
achieve because of the Mermin-Wagner theorem [39, 40].
With the presence of the interchain magnetic coupling,
the system is not one-dimensional anymore and a mag-
netic order can more easily develop. This crucial inter-
chain magnetic coupling can be FM or AFM.
We study a supercell of two chains, assuming that in
the magnetic phase the coupling within a single chain
leads to the stripe configuration and that a macrospin
can be associated to each chain.
As a first step, we proceed by looking at the energy dif-
ference between the NM, FM and AFM interchain con-
figurations. The study (not reported here for brevity)
confirms that up to a critical value of the Coulomb re-
pulsion the NM configuration is the ground state, and
that the results for different cations are quite similar.
The FM interchain configuration, where the macrospins
of the chains are oriented in the same direction, is always
lower in energy than the AFM one, confirming that all
these compounds in this region are non-magnetic but on
the verge of magnetism, sustaining interchain FM spin
fluctuations.
As a next step, we have evaluated the difference in
energy of the NM state with respect to the FM one for
different choices of the cation. We have performed the
calculation for U = 0.75 eV, which guarantees an intra-
chain magnetism. In Fig. 8 we show that the stability
of the interchain ferromagnetic coupling follows a non-
monotonic trend with increasing the ion size. Actually it
grows from Na to Rb, where assumes the maximum value,
and then decreases for the Cs case. In order to explore
the correlation between this trend and the features of the
crystal structure, we have also evaluated the evolution of
the bonding angles Cr-As-Cr upon alkali atom substitu-
tion. In Fig. 9 we show that two of the four different
bonding angles, that is, the Cr3-As3-Cr3 e Cr6-As6-Cr6
angles, display an evolution as a function of the ion sub-
stitution that follows the same trend (to make this more
explicit, the behavior of the angle Cr6-As6-Cr6 has been
plotted in Fig. 8 together with the NM-FM energy dif-
ference). We thus deduce that the increase of these two
angles may favor the interchain ferromagnetic coupling.
We can conclude that the cation substitution acts
to modify the interchain structure, thus affecting the
stability of ferromagnetism among the chains; this turns
out to be favored in the Rb-based compound, while it is
indeed hindered in the Cs case. We notice that recent
NMR measurements suggested that Rb2Cr3As3 may be
indeed very close to a FM quantum critical point [27],
while no evidence of enhancement of FM fluctuations is
actually seen in the case of Cs2Cr3As3 [28]. The mecha-
nism which relates the structural deformation associated
to the bonding angles to interchain ferromagnetism
deserves further investigation.
FIG. 8. Energy difference between the NM and the interchain
FM state (blue line, left axis) and bonding angle Cr6-A6-Cr6
(red line, right axis) for different choices of the cation. The
value of the Coulomb repulsion is U = 0.75 eV.
FIG. 9. Behavior of the four bonding angles Cr-As-Cr for
different choices of the cation. The value of the Coulomb
repulsion is U = 0.75 eV.
STRAIN TO INDUCE MAGNETISM IN K2Cr3As3
In this section we show that it is possible to tune the
system from NM to interchain FM ground states by
applying a compressive strain along a specific in-plane
direction. Since the magnetic properties of these com-
pounds are very sensitive to the modification of the total
volume, we will analyze the interplay between structural
and magnetic degrees of freedom in the case of fixed
volume.
We choose to focus on the reference case of K2Cr3As3
and explicitly compare it with KCr3As3 sharing with
K2Cr3As3 quasi-one-dimensional structural features.
However, in the latter no superconductivity was found
7FIG. 10. Graphic representation of the strain ε applied or-
thogonally to the basis of the isosceles triangles in the chain.
A negative value of ε indicates a compressive strain of the
y-component of the R2 vector, while a positive one indicates
a tensile strain of the y-component of the R2 vector.
while a spin-glass-like transition at TN = 5 K was re-
vealed by magnetic susceptibility measurements [41].
This value is very close to the superconducting criti-
cal temperature of K2Cr3As3, indicating that the energy
scales involved in the formation of the two phases are
indeed comparable and that magnetism may be detri-
mental to the development of the superconducting phase.
We also mention that KCr3As3 also presents a supercon-
ducting phase [42, 43], though recently Taddei et al. [44]
have shown that the emerging of this phase is due to the
charge doping via H intercalation.
We start by referring to the lattice vectors of the undis-
torted unit cell R1=(a,0,0), R2=(-a/2,
√
3a/2,0), and
R3=(0,0,c). The strain field ε applied to the unit cell
is defined as the continuous deformation of the in-plane
lattice vectors R1 and R2. A negative value of ε corre-
sponds to a compressive strain of the y-component of the
R2 vector, while a positive value corresponds to a tensile
one. Since the volume is fixed to the value
√
3ca2
2 , the
lattice vectors then become
R1 =
(
a
1 + ε
, 0, 0
)
R2 =
(
−a
2
,
√
3a(1 + ε)
2
, 0
)
R3 = (0, 0, c)
where  is adimensional and defined as ε = ∆a/a.
The effect of this compressive (tensile) strain of the y-
component of the R2 vector enhances (decreases) the
apex α angles as shown in Fig. 10. Due to the strong in-
terplay between structural and magnetic degrees of free-
dom in this class of materials, this kind of strain is ex-
pected to have significative effects on the magnetic prop-
erties. The modules of the lattice vectors of K2Cr3As3
for different values of the strain ε are reported in Table
II.
The comparative analysis of the most favorable
magnetic configurations within the chain for nega-
tive/positive strain demonstrates that the ground state is
still NM below a critical Uc, and that above this threshold
value a stripe phase is favored (see Fig. 11). Compared
with the unstrained case, this value is lowered to ∼ 0.3 eV
when a 3% negative strain is considered, and a further
slight reduction is observed when ε is further increased.
In order to provide a systematic comparison of the
modifications to the ground-state magnetic and struc-
tural properties induced by a compressive/tensile strain,
we report in Figs. 12 and 13 the evolution with U of
the magnetic moment at the representative Cr1 site and
of the angle α1 in the ground state, together with the
analogous results recently obtained for KCr3As3 [30].
From the inspection of Fig. 12, we notice that the com-
pressive and the tensile strain both allow to tune the tran-
sition from a non-magnetic phase with vanishing moment
to a magnetic one with m1 6= 0 (turning out to be the
stripe phase), but following an opposite trend. Tensile
strain raises the value of U at which a finite moment
appears, whereas a compressive strain tends to reduce
it. In particular, for ε=−0.06 this value is close to the
critical one marking the transition to the stripe state in
KCr3As3. In this context, it is significant that the angle
α1 shows an increase at the transition, particularly sharp
for compressive strain, as one can see from Fig. 13.
Next we turn to the analysis of the lowest energy con-
figurations when the coupling between magnetic chains
is considered. The collinear configurations is assumed
within the chains and the calculations are performed
within the PBEsol approximation. The energies of the
NM, FM and AFM configurations for K2Cr3As3 are re-
ported in Tab. III for different values of the strain. We
have fixed for the Coulomb repulsion the value U =
0.3 eV, for which KCr3As3 is predicted to be magnetic,
while K2Cr3As3 is not [30]. The analysis of the in-
terchain interactions in K2Cr3As3 confirms the trend
emerging from the study of magnetism inside the sin-
gle chain. Namely, a compressive strain leads the system
towards a magnetic phase, while a tensile strain stabi-
lizes the non-magnetic ground state. A value ε=−0.06
favors K2Cr3As3 to be magnetic at U = 0.3 eV. The
ground state is the interchain FM configuration, with the
macrospins of the chains oriented in the same direction.
Hence, our results seem to indicate that the instability
towards a ferrimagnetic phase can be tuned by the appli-
cation of a compressive strain. This could provide impor-
tant insights on the interplay between superconductivity
and magnetism, possibly providing support to the idea
that the superconducting phase arises from the suppres-
sion of the magnetic order, as controlled by the strain as
a tunable parameter.
8FIG. 11. Energies per Cr-atom of the FM, AFM, zig-zag and
NM states measured with respect to the stripe state energy,
plotted as functions of the Coulomb repulsion for the com-
pound K2Cr3As3. A compressive strain ε = −0.03 is applied
to the system. At low values of U some data are missing due
to the lack of convergence of the numerical procedure in that
regime.
FIG. 12. Comparison of the magnetic moments of the Cr1
atom in the ground state for different choices of compres-
sive/tensile strain applied to K2Cr3As3.
K2 with strain ε ε= − 0.06 ε= − 0.03 =+0.03 =+0.06
|R1| (A˚) 10.6204 10.2920 9.6924 9.4181
|R2| (A˚) 9.5375 9.7594 10.2086 10.4357
|R3| (A˚) 4.2304 4.2304 4.2304 4.2304
TABLE II. Modules of the lattice vectors of K2Cr3As3 when
the strain is applied.
CONCLUSIONS
We analyzed the ground state of the series A2Cr3As3
(A=Na, K, Rb, Cs) and predicted a collinear stripe con-
figuration within the DWSN, which allows to attribute a
FIG. 13. Comparison of the α1 angle in the ground state
for different choices of compressive/tensile strain applied to
K2Cr3As3.
=−0.06 =−0.03 =0 =+0.03 =+0.06
NM 5.33 0 0 0 0
FM 0 0.25 6.92 15.25 26.75
AFM 3.92 4.08 10.83 19.75 32.00
TABLE III. Energy differences (meV) of K2Cr3As3 for NM,
FM and AFM coupling between the chains and different val-
ues of the strain. Inside the chain the stripe configuration
is assumed to be the ground and the value of the Coulomb
interaction is fixed at U = 0.3 eV.
net magnetic moment to each chain. Due to interchain
ferromagnetic coupling, all the compounds are close to
a ferrimagnetic phase in the region of moderate values
of the Coulomb repulsion U . The occurrence of such
collinear magnetic state has an important interplay with
the distortion of the triangles which reduces the frus-
tration of the antiferromagnetic couplings between the
nearest neighbor Cr atoms.
Such behavior has been proved to be robust against the
variation of the chemical pressure induced by the change
of the cation among the different members of the fam-
ily. Notably, we have shown that the strength of the in-
terchain ferromagnetic coupling has a non-monotonic be-
havior as a function of the atomic radius of the alkali met-
als. In particular, the stability of the interchain ferromag-
netic coupling is gradually increased when changing from
Na to Rb, while it is reduced for the Cs compound, in
agreement with recent experimental observations [27, 28].
We relate this behavior to the Cr-As-Cr bonding angles
along the chain, this being a key factor controlling the
tendency towards the interchain ferromagnetism.
As far as strain is concerned, we demonstrated that
uniaxial compressive strain applied orthogonally to the
basis of the isosceles triangles tends to increase the apex
angles. Confirming the strong interplay between struc-
tural properties and magnetism in the above-mentioned
compounds, strain has been shown to significantly affect
9the transition from the NM to the ferrimagnetic phase in
the regime of moderate electron correlations.
In conclusion, our results clearly show that the com-
pounds of the family A2Cr3As3 (A= Na, K, Rb, Cs) are
close to an interchain FM instability, which is signifi-
cantly affected by structural effects. Our analysis can
thus prove to be relevant in the study of the interplay be-
tween magnetism and superconductivity experimentally
detected in this class of compounds [38, 45].
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APPENDIX
RESULTS FOR Na2Cr3As3 AND Rb2Cr3As3
Here we report the results concerning the energies, the
angle α1 and the magnetic moment m1 for the other com-
pounds of the family A2Cr3As3.
The energies of the various configurations investigated,
measured with respect to the one of the stripe state,
are plotted as functions of the Coulomb repulsion U in
Figs. 14 and 17 for Na2Cr3As3 and Rb2Cr3As3, respec-
tively. The case of the K2Cr3As3 is instead reported in
Ref. [30].
Our results show a similar behavior for the two com-
pounds, this indicating that the chemical pressure due
to the change of the cation alters only slightly the na-
ture of the magnetic configuration within the chain. For
all the compounds the ground state is non-magnetic for
values of the Coulomb repulsion U < Uc = 0.4 eV, then
becoming the stripe one for U ≥ Uc. On the other hand
the energy in the ferromagnetic configuration is always
larger than in the other phases, this situation remaining
the same for all the compounds.
The angle α1 as a function of U is plotted in Figs. 15
and 18 for Na and Rb cations, respectively. The var-
ious configurations always correspond to distorted tri-
angles, except for the fully FM one, and, in the case
FIG. 14. Energies per Cr-atom of the FM, AFM, zig-zag and
NM states measured with respect to the stripe state energy,
plotted as functions of the Coulomb repulsion for the com-
pound Na2Cr3As3. At low values of U some data are missing
due to the lack of convergence of the numerical procedure in
that regime.
FIG. 15. Angle α1 as a function of the Coulomb repulsion
for the compound Na2Cr3As3. At low values of U some data
are missing due to the lack of convergence of the numerical
procedure in that regime.
of Na2Cr3As3, also for the AFM one. For all the com-
pounds, the increase of U above a value approximately
equal to 1.5 eV does not produce significant variations of
α1, the only exception being the zig-zag configuration for
which α1 decreases appreciably as U is increased. The
magnetic moment of the Cr1 ion is reported for the two
cases A=Na, Rb in Figs. 16 and 19, respectively. For
U > 1.5 eV it approaches the maximum predicted value
for Cr ions in A2Cr3As3, that is 10/3 µB . On the other
hand, for small values of the Coulomb repulsion the mag-
netic moment tends to vanish, in agreement with the fact
that the ground state in this regime is non-magnetic.
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FIG. 16. Magnetic moment of the Cr1 ion, as a function
of the Coulomb repulsion for the compound Na2Cr3As3. At
low values of U some data are missing due to the lack of
convergence of the numerical procedure in that regime.
FIG. 17. Same as in Fig. 14 for the compound Rb2Cr3As3.
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